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(54) LITHIUM ION SECONDARY BATTERY 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a lithium ion 
secondary battery excellent in high-rate characteristics 
and cycle life characteristics and equipped with a porous 
film excellent both in adhesive capacity to an electrode 
plate and flexibility. 

SOLUTION: The lithium ion secondary battery is 
provided with a positive electrode, a negative electrode, 
a separator interposed between the positive electrode 
and the negative electrode, and electrolyte solution with 
a lithium salt dissolved in a nonaqueous solvent. The 
separator is made of a porous film containing solid fine 
particles and a complex binder, the porous film is jointed 
to the positive electrode or the negative electrode, and 
the complex binder consists of a main binder and a sub 
binder, of which the main binder is made of 
polyethersulfone and the sub binder is made of polyvinyl 
pyrrolidone. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 



(± 9 H> 



(19) B*SfiSHx<JP) 



(12) 4k 



tt IT £ *S(A) 



(43) ^MB 



$5882004-273437 

(P2004-Z73437A) 
(2004.9.30) 



(51) Int. CI. 7 
H01 M 
HO 1 M 
HO 1 M 
HO 1 M 



F 1 



2/16 
4/02 
4/58 
10/40 



HOIM 
HOIM 
HOIM 
HOIM 
HOIM 



2/16 
4/02 
4/02 
4/58 
10/40 



M 
C 
D 



7-73-F 
5H02 1 
5H029 
5H050 



5fcH;£ fS^®(D» 6 O L 12 M) 



00 

m 

CO 
H 

I 

CD 
J— 

m 

o 
O 

TJ 
-< 



(21) 

(22) mms 

(31) gst«i$Rs^ 

(32) «5feB 

(33) ftfttt±»B 



1$JP2004-18581 (P2004-18581) 
¥^18^1^270 (2004. 1.27) 
ft JP2003-44552 (P2003-44552) 
¥^15#2^21S (2003.2.21) 
Ei*B(JP) 



(71) ifciSA 000005821 

*BWf njwi*»nK i o o e s«s 

(74)RSA 100072431 
(74)RSA 100117972 

#m± «— 

(72) JHW« *b m~ 

(72) m&t AS « 

Affi^^PTUtSTBTlSl-t 1&Tm?UlX 



(54) 9+9J*4*>=XMI& 



(57) BSKfl 




3 .. 



-1- 



1 

mmm i ] 

(a) mm. (b) sus. (c) Mmmmt&mta) 

fflcft&ir&^ls—?^ (d) ftfrit&micV?- 

BufBffli^WJtt, <JfJt:-;bt?ny K>frS>fc3l>^ 

&&wmt(Dmmttj$&. 9 6 : 4—99. 5 : 0. 5 
1 Etsoy ^■i>i»-i'*v— *«So 

[W*^4] 

1 mm<o v a-t * >n^«?So 

i:iO~lO:i 

[0001] 

[0 0 0 2] 

TVS. U^^A-TJi-V-^BfffiT-tt, Sffi, ?S^7L14 
[0 0 0 3] 

p.. IE«kft«4:C>lfflte«*?LttSMI«^tt*«ftSe* 



(2) # H 2004-273437 

2 

Etc, znmztfretTzmfRimmztiT^z on*.* 

[0 0 0 4] 

So 

CWfiFSaK 1 ] #HW 1 0- 1 06 5 3 094** 
HMKHR2] W7-2 2 07 5 9^ff 
[f#fF:£®c3] HFfll 5 8 8 2 7 2 1 

HWfcfctt 4 ] «B4f 1?m 5 9 4 8 4 6 4 ^BMBW 

20 Gffl&fflk L «fc 5 T 3 RM] 
[0 0 0 5] 

bra, ce*. #'J7-wte-»Jfx 7yftfcyf 

[0 0 0 6] 

JJEfig, Mfc. WEES 11*1: ©IHfcttfiE 
tcW.Bm*ffiZ-, *MB-fe><W*tt, lOttBfMKtt? 

40 g^ntfe^ luB»«lfi«ff!ltt, iJfcSMMB.fctflH 

*s»saa»&4D, i&e±ii*ff)tt. #ux-^a^-*7 
mm^mmma, ^ue^ufnu k> 

[0 0 0 7] 

-&^©SiJt©MMit^«, 9 6 : 4-99. 5 : 0. 5 
50 #uifiJ£lS«, U^9&$m*MbMfr&tt«cfctf 



-2- 



3 

iufBJMsa, mmttmfr 6 ft s c t l<^„ 
WE*^*s««k:d * n* tuie±^ssi] £ wmrnm t 

<DMMttm&. 1 : 1 0—1 0 : lT^Cfc^SL 
CO 0 0 8] 

[0 0 0 9] 

IE&:|5J:t>*JMi<D4>ft< tt-^o*l(ci^snft^ 
flJtft^ft*o y^->A-r*yz:35rtKfik:*i,^Tti, ft 

Coo i o] 

itfe^TB, £?IJ^;*#ft««i$jE:ft#8l&o;£*i* 
CO 0 1 1] 

33 0 , S 5 (cttMattMBftftfr S> ft * «1^*§»#J*# 

&%3.mmmt, hvv—jmuv F>*»6a«w*g« 
JWi:%-&A/^ , »*o ft*K ^yx-f;W7*y©I 
ITH^Hftt, #t«H?ftftt^, 17J-1000 

w»cwis«nft^^ i tj~ i o o 07J 

CO 0 1 2] 
CO 0 1 3] 

±*§«ij£«fi£-r * # U x- r 7 * > ti , ffi© 
-?©S® t ©*S*tt*H-#T?tt ft^ k <,> ^ ^5*^* . 



(3) # M 2004-273437 

©£g-&1£;tf&$?T-;&tK *'Ji- r;b-9-;l/-7*vi:c0^ 
Ji@^^ft£fc<fcoT^&S¥;£#tJrr* 

Co o i 43 

ft<fe*o c©£?ftffU3u:c>^T. Wm&fWe%>2> 

■y!/S*iK:< fctfll-^-LTt-'S *>©£#* £*i*„ 
CO 0 1 5] 

ffinTi/ > * # V jl—tjWjI 7 * >fr 5>ft * 

mm a. # y e - /i/ tr n y f > a* s * * h«im £ 

Bfl^?fc«^*S**Jfc©MJ±*tt, 9 6 : 4-9 
9. 5:0. 5T$«CfcAWSU> 0 
CO 0 1 6] 

©affi%i4^ss»t$**<ii:ft^T-#* 0 y 
m\zmt>n%&mwmwmk : ?<Dmm<nimwm< ft 

30 0. y^^A-Y*V-^S»£D?S5U-h#tt*|6]±S^ 

te«5H* 0 < ft* t, &w<omw2&H£'te 

<ft*o 

CO 0 1 7] 

1 : 1 0-1 0 : l"P«5E:i:mU>. i^SIiJ© 

tw«i** < , wmmmoitmiM^ < ft o ars 

40 oJt*« | /jN«<, §'JiSSS'J©it^ft^^<ft051^ r * 
CO 0 1 8] 

v^-y ^x0if^^^i,>*ii hft^T*#* 0 ftft^r-fe y 

7;l/S:Nf>7-*-*-- \m<DW.\t3-5 v*fflv^*ci i:ftW 
ft*3, «SttH#«ll : P©affifl!>pH(4 7«fc9 
^^<, i2«T-P«*ci:ff»$U^ 

50 CO 0 1 9] 



-3- 



J 

[0 0 2 0] 

**6, 0. 9m*/g£Lb« S&icttl. 5m l /gW± 
T-fe«<lt*W$bVo BETita®S!^0. 9m 2 / 

*w»twtfr&* b e TJtaiB«tt**iurf, ma 

til 5 0m 2 /g«T^5<:t»$U\ 
o-7;l/5^-co-SFJtfiS Wf-f7>i) t±x 0. 1 ~ 

[0 0 2 1] 

* :/*&*<D¥iSiftg (j«f-f7Vi) ttO. 0 4-0. 
[0 0 2 2] 

mzmn-tzwuzifrz. s~3 o itmvib&c tarn* 

[0 0 2 3] 

[0 0 2 4] 
[0 0 2 5] 



(4) #53 2004-273437 

(5 

[0 0 2 6] 

(1) iEwwm 

>5«l;gPi:^$triE^^, KiTkN-^^i/- 2 - 
tfoy K> (NMP) tc^feL<{±SP*-ti:T, IE^ 
/0 X7V- ^WSUfc„ COiESX^U— 

fg*p&fcSIE«IMtfl:-tli:!6*»»U «B*bTIE«£affl 

[0 0 2 7] 

(2) JtfEQftK 

ft*^RfcLTAi^at&**fli^fc-o A£JIffit» 
[0 0 2 8] 

(3) #JLMOJS«^-Xh©WH 
JKT<&fififcfr&**S£»* 1 0 0 gmWILtco f-b 

t, 100 gOffigES^tt^iltBn ( («) 
<7>£fcM!|5MX 2 0 1) T'3 ottFefljgf? • fi^U £?Ui 

[0 0 2 9] 

a-7;l/S± : 9 6fifiS5 

30 *yi-fW7*v: i. 6 Mas 
d?U H^;l/tfa'J Hy :2. 4BSSP 
NMP : 1 0 OfiffifR 

[0 0 3 0] 

fc*:U a-7;U5tttfi£ft^II OHO SOAK 
P 5 0 (pH=9, 

B E Tttmmm ■ ® l Om 2 /g) * N X-x/Utf 

S 50 0 3 P^ d?'J tf^;]/tfo y Kvtt 

B AS FS>+/*V («) ScDLU V ITEC-K90=£ 
40 jEl>fc 0 

[0 0 3 1] 

a-T;l/5^-OpHiiJ^tc{±, SHBttHitf^X 

J IS-R6129-1976fe<t?>*J IS28802 
- 1 9 8 4 fcS^^TiBlJeSSEatbfc. 
(«) ©ELS-8O00 (pH*^ Kb— ^3 

[0 0 3 2] 

so mm.%m^r. 



-4- 



7 

B E T ljSffifcS^TSWSbfc. 0. 5-1 g 

60 a - 5 ^£0^^ x -te;wc An, gjgi:^') 
^AcOzg^* U7**X (f*«itN2 : H e = 3 0 : 7 
0) gStST"?. 2 5 0 , CT*2 0~3 0Mi"J-->'7" 

com. o-7;i/^-?-<DM3R*SJa$T#ia^^ N2to 

0 

[00 3 3] 

(4) $AM«>MBiE9'N4>tt6 

©S&£&©£;£#2 Op mi:* — A/ 

^0«, 1 0 0°CT'l 5^iSS£D 

[0 0 3 4] 

(SEM) T*«^Lfc 0 »&n;fcSEM¥* (ffiA<S^ 

3 0 0 o«) taitsu ^tinnne^nc (ka^ 

¥30 000fi) £H2l;:jjVfo cn£>cO0<k 0 s @ft 

tt? 2 nrcffimv&TLm 1 # fia^sw 3 <os 

[00 3 5] 

(5) IMcttftKOMS! 

xfbyA-^-h (EC) txf;V^^;l/*- j)? 
b (EMC) fc*fl4Utl : 1 ■P*tr8*lf*i8» 
U^AItLTL i PFe^aMtl^lz/'J y h 

[0 0 3 6] 

(6) m&oftm 

XtffALfCo #<^T\ It) 3. 8m ICO© 

tirfcmic, mffi^-XCO^PgB^iifPL. 11 1 8 m 
m, HS6 5mm<ORifJga?fi«^JK5^to R«J£* 
?tB60Ktf^ft« 2000mAht Ufc 

[0 0 3 7] 

«IH8£01J2> 

a -T/U5f- : 9 9. 5fififfi 

d? U x— r;l/^;l/7 * > : 0 . l SfiSB 
sK'J tf^Hfoy K> : 0. 4MSP 
NMP : 1 0 0M§|5 

[0 0 3 8] 

<tk©€RI l > 



(5) ?fM2 0 0 4-2 7 3 4 3 7 

[0 0 3 9] 

<§HS£0ij3> 

a-7;b5± : 9 5 MS* 

^'Ji-TM;l/7*y : 2 MSB 
/0 jKU Hx;l/fcTay H> : 

NMP : 1 0 OsflSP 

[0 0 4 0] 
<i±«S0O2> 

a-7;l/5-J- : 9 6MSM 

^Vl-fM;V7*v: 4fiSSB 

NMP : 1 0 OfiMgR 

20 [0 0 4 1] 

So 

[0 0 4 2] 

<j±®e>j3> 

a-7;l/5"7- : 9 6fiMSI5 

^•;x- r^;l/7*> : 0113 
stfy h*^;Hfn y K> : 4fiBSP 
NMP : 1 0 0 MSP 

[00 4 3] 

40 i:#7?i£&fro;fc 0 C C T'&tfV fc*^;Vtf a y F >f£if 
*m<<\ d*yx— =r jWfo? *is*m^%;t>^tctctt>^ 

[0 0 4 4] 

<&mu> 

7LM©H^-X b^rlSSLfco 

a -TJlZ-f : 9 6Bag|5 

d?y 'J K> : 0MS5 

50 d<y 7-yfkt-y TV : 4fiag5 



-5- 



(6) 



1 0 01 



NMP 
[00 4 5] 

u mnm i tmmcmmtitm&LZ; a t ^ 

[0 0 4 6] 

<jfe&#j4> 

ttffc^*v : 9 9. 

*yx»f;l/Wt> : 0. lMSP 
*ue— ;l/lfay : 0. 4fifig|5 
NMP : 1 0 OBSSS 

[0 0 4 7] 

A 3 0 0 (pH = 8. 

BETit*ffi»: 8mVg) *m\fco ft*, BMtf- 
*>©pH45j;ttBETj*»ffiSto«[Stt* a-7;l/^ 

[0 0 4 8] 

«Hlfi£#!]5> 

a-7;I/^ : 9 8. 8 MSP 

#U e^yHfoU KV : 0. 
NMP : 1 0 011^ 

[0 0 4 9] 

tt£frft-p*:o 
[0 0 5 0] 

<i> wu-hiSrtHftt 

2 o , ca«n : T\ jxto/^— ><o3BSSrti*i o+f-r 



70 



20 



30 



40 



10 

wmm 



200 4-273437 



1 C \s— hSfcHT-fi, 

[0 0 5 1] 
(1CU- hi*®) 

: 2 0 0 0mA (£*itSff 4.2V) 
Sm&jm.'. 4. 2V SlihlllOOmA) 
;£flgit®cm : 2 00 0mA GRit«flE2. 5 V) 
[0 0 5 2] 

nfcawt***. o. 2cu-hffitTi#^n/c»tg 
a^i oo%fc-rs*g*ffflT*nc^-r 0 

[0 0 5 3] 

(0. 2CWhftf) 

^m^S : 2 0 0 0mA ($?±®ffi 4.2V) 

:4.2V G&ifcUfflE 100mA) 
SSgftSfcm: 4 0 0mA GHiL«E2. 5 V) 
[0 0 5 4] 
(2Cb-hM) 

^1EKBE» : 2 0 0 0mA («it«E 4.2V) 
4.2 V (»ifctt»U 0 0mA) 
4 00 0mA «£it^:EE2. 5 V) 



1) 



2 00 0mA G&ih«E4. 2 V) 
4. 2 V (ISitttgStl 0 0mA) 
6 00 0mA m±n& 2 . 5 V) 



1) 



[0 0 5 5] 

(3CI/-* 

[0 0 5 6] 

(4Cl/-hft* 

[0 0 5-7] 

(5Cl/-hftl) 

^liStf:2 00 0mA «£±SjE4. 2 V) 
^mBE^S: 4. 2 V (»ih«8Kl 0 0mA) 

Mmvmm : 10000mA o^±mff2. 5 

V) 

[0 0 5 8] 

Ml] 



2 00 0mA (*gitSEE4. 2 V) 
4. 2 V «?it«5Kl 0 0mA) 
8 00 0mA (^ih^EE 2 . 5 V) 







. .. ... «BMta> ...... ... 




. CO •' -~ 








mmm4 .< 


.xtsms . 






. .. . P. 2 , 


100 .: 


100 


... 1Q0 


... .100 . .. ... 


. .. 100 ... 


. J00-- 




1 ... 


.99.5 J 


■-99.7 ... 


99. 1 , 


99.7 . .... 


- .99.7 


98. S 




... .2 


. .93.9 ... ] 


9?,1 .... 


. 97.S .„ 


99.3 1 


99,2. 


97.4 .. 




- .3 - 




55.7 


89.4 


... 95.9 .. . 


- Mr * . - 


,£9.1 ... 




.. 4 . 


. . -90. 2 


...91.4 . 


. .81.1 .... 


■ 92. 8 


-9T.3 


=79; 5 




... 5: ...... 




&6.-1 


7K3 


.... 88. :Q . 


. 86. 0 


- .. 69. 3 ..... 





-6- 



11 

[00 5 9] 

<2> v-^tjismfim®. 

fco Its 5 o. 

1 00. 2 00, 3 0 0. 5 0 0. 7 5 0MD*100 



(7) #192 0 0 4-2 

12 

* CO 0 6 0] 

(1 CU-hjftS) 

fenWmW : 2 0 0 0mA (*?±1iffi 
Slff^f :4.2V (i&itmgSl 0 
&WWm :2 000mA «?±ajE 

[0 0 6 1 ] 

[»2] 



7 3 4 3 7 



4.2 V) 
OmA) 
2. 5 V) 



• fSI) . 




- &&®&w&> ... „. 1 




















-100 




...... hmt 


. . 109 ... 


/50 .- 


- 101.3 




. 3 


.. 102L 1 . 


.101-6 ... 


99.. 1 


.100 


99, T 


. .100:3 




...Ml' . 




98.4 ,-- 


200 


.. .99.2 


99. 8 . 


95. 3 . 


.... 9?,7 .... 




.94.6 . 


.300' 


-98.9 - 


99.4 _ 


89.9 


59.fi 


99.2 . 


.38.4 


• „.500 


... 93.8 


... J95-2 


. 8|,4-. 


...95,4 


,.•94.4). 


8 0- 2 - . 


... T50 . 


83- 1 


■• S2..:6 


. 78, r. 


... 93* V 


90.7 


. 76. 4" 


. 10D0 . 


.83.6 


... 85r,4 


68.1. ... 


8S:0 . ;; 


84.0 


65.3 



CO 0 6 2] 
[0 0 6 3] 



[0 0 6 4] 

[EfficDffiiH&tBsy?] 
[0 0 6 5] 

m i ] ^aiMT*^Lfc^?LM©0fffi*^-r sem? 

[E2] Hlcr>MSPffi^:¥MT'^i. 0 

[^^©UJB^] 

[0 0 6 6] 

i ^nm 
30 2 mtm? 
3 turasMi 



-7- 



(8) 



# ffl 2004-273437 




-8- 



(9) HM2 00 4-2 7 3 4 3 7 

(72)5gJ»# WW 

*Ejfif^pm«T«r i s 1 9 «TWfiist*fc*#*fcF«j 

F*-A(##> 5H021 EE02 EE18 EE22 EE23 HH01 

5H029 AJ05 AJ11 AK03 AL06 DJ04 DJ09 DJ13 DJ16 EJ05 EJ12 
HJ01 

5H050 AA07 AA14 BA17 CA08 CB08 DAI 3 DAI 9 FA13 FA17 HA01 



